ABSTRACT.--Zebra Finch (Taeniopygia guttata castanotis) songs from 33 colonies in two geographic zones of Australia (central and southeastern) were investigated in order to describe variation from macrogeographic to microgeographic levels. Canonical discrimination classifted songs according to 31 measurements of the song phrase and clearly distinguished those from the two zones. Songs from regions within the southeastern zone fell into two groups on element sequence and frequency of element types. The two song groups came from habitats that differ in aridity and tree cover; both factors affect dispersal. Song variation within and among colonies in a region occurred in the frequency of "lablie" elements. Recordings from colonies in region 1 (Fig. lc) , which was the principal focus for ecological and behavioral studies, were obtained during two periods, 1976-1982 and 1985-1988; I recorded 156 and 117 males, respectively. Colony Da in region 1 was the site of a detailed color-banding study, and 99 songs were recorded from this focal colony. 716 
Song variables and analysis.--The components of the song phrase and their sequence have been described in a companion paper (Zann 1993) . I analyzed at least three phrases from each male with a sonagraph to determine precisely what constituted the phrase, then scored the phrase for 31 variables (Table 1) : number of elements, including repeats, sung per phrase; speed of singing expressed as number of elements/s; number of elements belonging to 14 distinct types (Fig.  2) sung by Zebra Finches with an additional category for elements that could not be classified to type; number of sequence pairs and trios of elements that formed the start (four sequence types), middle (five sequences) and end (five sequences) of the phrase (this provided a crude measure of element sequence in phrase). Identification data on the singer's geographic region, colony and year of recording completed the data set.
I used canonical discrimination (CANDISC procedure; SAS Institute 1985) to see if these variables could separate phrases in a manner that might reflect the geographic origin of the singers. The procedure is a combination of principal-components and discriminant analysis, and assumes the data are at the interval level and normally distributed, which was not the case with most variables in the study. However, the technique was useful in this instance as a first ex-RICHARD ZANNi [Auk, Vol. 110 
RESULTS
Variation between geographic zones.--Canonical discrimination of all 402 phrases in the sample using 31 variables accounted for 93% of the variance in the first two axes, and produced a pattern (Fig. 3) that broadly matched the geographic dispersion of the sampled populations ( The binary tree constructed by CART (Fig.   5b) , which attempts to account for all the variance in the data, identifies groups that are similar to those found through canonical analysis. [ those from the remaining colonies that did not. It is possible that differences between colonies actually reflect differences in the year of recording rather than geographic differences. "Numbers in parentheses show minimum numbers of immigrants that became fathers of sons in colony,
• Numbers in parentheses show number of colony-hatched males whose fathers were also born in colony.
hatched birds clearly is a feature that was transmitted from one year to the next and was not rapidly diluted by subsequent immigrants.
DISCUSSION
The correspondence between song classifications produced by the canonical discrimination and the positions of colonies at the macrogeographic scale do not appear to be artifacts of the method since the nonparametric classification, CART, which made few assumptions about the data, arrived at similar patterns. Specifications for the song phrase in the wild Zebra Finches sampled here appear to be conservative. There was little variation in the duration and tempo of the phrase, the number of elements, and their syntax. Price (1979) found that the temporal organization of domesticated Zebra Finch song is resistant to effects of social isolation and deafening, and concluded that "neuromotor constraints" were responsible. However, recent experiments by Nordeen and Nordeen (1992) showed that deafening affected song performance several months after surgery.
Hence, hearing is necessary to maintain the integrity of element production, timing and sequence. In cross-fostering experiments of Zebra Finch subspecies, Clayton (1990b) found in semidomesticated stocks that differences in phrase duration, element number, and fundamental frequency were macrostructural features of each subspecies that were unresponsive to learning. Presumably, variation in these parameters among populations within either subspecies would be due, predominantly, to genetic variation. In T. guttata castanotis studied here, I found that duration did not differ significantly between the remote colonies of Da and As, even though they were 1,700 km apart.
However, the number of elements and tempo did differ significantly (Zann 1993: Clayton (1987) found that these young males prefer to copy the individual whose song most resembles the father's. This could conceivably happen in the wild as well, but is impossible to verify. Nevertheless, it is unlikely to hold in my study population since the chance probability of another unrelated bird matching the father's song is less than 2.5% (Zann 1990 ). This low probability is a consequence of the high level of annual immigration where almost one-half the singers recorded in this study were immigrants ( Patterns of dispersal among colonies are still not clear. However, banding and song data within and among colonies in region 1, the most intensively studied region, suggest that dispersal is the key factor that erodes the formation of colony-specific song types, and that the differences between geographic zones simply reflect reduced dispersal on a macrogeographic scale. In the southeastern zone the Murray River is a boundary that divides the more arid and open habitats to its north from the more mesic and wooded habits to the south. Zebra Finches avoid heavily-wooded areas; consequently, there are fewer barriers to dispersal north of the Murray and more to the south. Furthermore, drought is more prevalent north of the river and less so to the south. Consequently, there are more environmental pressures for dispersal north of the river. These differences in prevalence of dispersal are reflected in the greater overlap of songs from regions north of the Murray. Following European settlement, the clearing of forested areas in the less-arid habitats south of the Murray probably led to some differences arising between regions as a consequence of uneven and limited immigration from the north and the temporary isolation of colonies in these new habitats. With further clearing of woodlands, barriers to dispersal will diminish so that differences in songs across colonies will lessen.
